NASA TECHNICAL
MEMORANDUM

CL:SSiFK2AITY gy. WOED
. LN(}JSS:’F}:D

__________
e, camamm.

NASA TM X-1319

beclagsifiec hy authority of NASA

Classification Chauge Notices No. 4—1_7
Datea *+__5 0 Jii 1972 )

PROJECT FIRE FLIGHT II AFTERBODY
TEMPERATURES AND PRESSURES AT
11.35 KILOMETERS PER SECOND
(37200 FEET PER SECOND)

by Travis H. Slocumb, Jr.

Langley Research Center
Langley Station, Hampton, Va.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION e« WASHINGTON, D. (. « DECEMBER 1966




NASA TM X-1319

L]
L
[
L )

PROJECT FIRE FLIGHT II AFTERBODY TEMPERATURES
AND PRESSURES AT 11.35 KILOMETERS PER SECOND
(37 200 FEET PER SECOND)

By Travis H. Slocumb, Jr.

Langley Research Center
Langley Station, Hampton, Va.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION




® 900 & o000 oo
L [ e o o o o o L] * o * [
¢ o o0 [ 4 » ® o L L LI X J e oo . o
[ ] [ ] * [ XX ] L] s o o s e @
e [ XX J es 600 5 ¢ oo (X [ I ] * 400 oo

PROJECT FIRE FLIGHT I AFTERBODY TEMPERATURES
AND PRESSURES AT 11.35 KILOMETERS PER SECOND
(37 200 FEET PER SECOND)*

By Travis H. Slocumb, Jr.
Langley Research Center

SUMMARY

The second of two planned Project Fire Flights has been flown to investigate the
heating environment on a large-scale, Apollo shape vehicle entering the earth's atmos-
phere at hyperbolic velocity., The Project Fire flight IT spacecraft was boosted into a
ballistic trajectory along the Eastern Test Range, with impact occurring near Ascension
Island. Prior to reentry into the sensible atmosphere, the reentry vehicle was acceler-
ated to a velocity of 11.35 km/sec (37 200 fps) at a flight-path angle of -14.7° with the
local horizon by a solid-propellant rocket motor which formed part of the Fire spacecraft.
This report presents the results of heating and pressure experiments on the reentry-
vehicle afterbody. A comparison of flight I and flight II afterbody heating and pressure
data indicates fair agreement and, in general, both sets of flight data compare favorably
with available ground-facility results.

INTRODUCTION

The primary objective of Project Fire was to investigate the heating environment
on a blunt-nose vehicle entering the earth's atmosphere at a velocity in excess of escape
velocity. The reentry vehicle was instrumented to obtain a measure of radiative heating
and total heating on both the forebody and the afterbody as well as limited data on after-
body pressures and telemetry-signal blackout. The first of two planned flights was
launched from Cape Kennedy, Florida, on April 14, 1964, and the vehicle successfully
reentered the earth's atmosphere near Ascension Island at a velocity of 11.56 km/sec
(38 000 fps) and a flight-path angle of -14.7°, The details of the flight I spacecraft,
including hardware description, trajectory information, and experimental data, are pre-
sented in references 1 to 5. The Project Fire second flight, which was planned as a
backup to the first flight, was launched from Cape Kennedy on May 22, 1965. The Fire II
payload and flight plan were essentially identical to those of Fire I, and the prime objec-
tive of Fire II was to provide verification and extension of Fire I results. The afterbody
data obtained on the Fire II reentry package are presented herein,

*Title, Unclassified. .




D diameter, centimeters (inches)

h altitude, kilometers (feet)

l distance along center line from forward shoulder to theoretical apex of conical
afterbody, centimeters (inches) (see fig. 3)

M Mach number

NR e Reynolds number (based on maximum diameter of reentry package)

p pressure, newtons/ meter2 (pounds/inchz)

q heat-transfer rate, wa.t'cs/centimeter2 (Btu/foot2-second)

R radius, centimeters (inches)

s surface distance on reentry package measured from geometric stagnation
point, centimeters (inches) (see fig. 3)

T temperature, degrees Kelvin (degrees Rankine)

A" velocity, kilometers/second (feet/second)

X distance along center line measured from forward shoulder on afterbody,
centimeters (inches) (see fig. 3)

% isentropic exponent

¢ circumferential location, degrees (see fig. 3)

Subscripts:

a afterbody

av average
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c corner
calc calculated
m pertaining to maximum cross-sectional dimensions
n nose
sp sonic point
t stagnation
P free stream

DESCRIPTION OF EXPERIMENT

Space Vehicle

The Project Fire space vehicle was basically an Atlas D launch vehicle coupled
with a powered spacecraft as shown in the drawing of figure 1, The powered spacecraft
consisted of a velocity package (Antares TI-A5 solid rocket motor and adapter shell)
together with the reentry package containing the experimental instrumentation. The
reentry package and Antares motor were protected from the launch environment by an
aerodynamic shroud.

Reentry Package

The Project Fire reentry package was a blunt, Apollo shape vehicle as shown in the
photograph of figure 2 and the drawing of figure 3. The forebody consisted of a multi-
layer configuration made up of three protective phenolic-asbestos shields sandwiched
between three beryllium calorimeters. The sequence of events was planned to allow
exposure of each beryllium calorimeter until severe melting occurred, and then ejection
of the succeeding phenolic-asbestos shield. The first two phenolic-asbestos shields were
jettisoned at predetermined deceleration loads to provide beryllium calorimeter meas-
uring periods during the initial part of the heat pulse, at approximately peak heating, and
midway on the decreasing side of the heat pulse. The third phenolic-asbestos heat shield
was not jettisoned and was provided to protect the reentry package throughout the later
stages of reentry should melting of the last calorimeter layer occur., The three beryl-
lium calorimeters were thoroughly instrumented with thermocouples to measure the
calorimeter response to the environmental heat flux. Forward-looking radiometers
were located at the geometric stagnation point and one offset location to measure the
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radialisle héating.: Details of 8¢ forebody wxpériments and instrumentation on the
reentry package are presented in references 3 and 4.

The reentry-package afterbody was conical as shown in the drawing of figure 3 and
was constructed of a fiber glass shell to which phenolic-asbestos heat protection material
was added. A very thin exterior coating of a protective material (75-percent silicon
elastomer and 25-percent high-silica microballoons by weight) was added to prevent
moisture penetration prior to launch, thus reducing the possibility of telemetry antenna
performance degradation, The afterbody was instrumented with gold-slug calorimeters
at 12 locations which provided a measure of the local total heating rates, whereas the
total radiative heat flux was measured at 1 location. The only change in the Fire II after-
body instrumentation as compared with that of Fire I was a reduction from two pressure
sensors to one, which was located at x/1 =0.70. In addition to the other instrumentation,
a telemetry antenna was embedded in the afterbody, and a C-band beacon was located at
the apex of the conical afterbody for tracking purposes. Table I and the drawing of fig-
ure 3 indicate the dimensional location and placement of the afterbody instrumentation.

A description of the pressure sensor and the gold calorimeters is given in the following

sections.

Pressure sensor.- A thermopile vacuum gage was used to measure the afterbody
pressure; it was sized to operate in a range from approximately 13.3 N/ m2 to 1333.2 N/m
(0.1 mm Hg to 10 mm Hg). The system accuracy, including that of the sensor and telem-
etry system, was approximately +20 percent of the recorded value. The pressure sensor
operated continuously, but its output was commutated at five samples per second.

Gold calorimeters.- The gold calorimeters consisted of thin gold slugs mounted as
shown in figure 4. The thickness of the gold slugs was approximately 0.305 cm (0.12 in,)
to minimize the temperature gradient between the front and rear surfaces. The mass of
each calorimeter is presented in table II. An aluminum silicate housing served to insu-
late the gold slug from the heat of the surrounding materials. In addition, the top surface
of each gold slug was coated with a 0,1270-mm-thick (0.005-in,) surface film of oxidized
nichrome to increase the emissivity and, consequently, to increase the calorimeter life,
A surface-film emissivity of 0.80 was used in the afterbody heating rate calculations.

The nichrome oxide surface film was applied to the gold slugs by flame spraying nichrome
powder (80-percent nickel, 20-percent chrome) on the surface, vacuum heat treating for

3 hours at 861° K (1550° R), and then allowing oxidation in air for 3 hours at 861° K

(1 550° R). Two thermocouples were attached to the rear surface of each calorimeter to
record the temperature time history during reentry. The diffusion time through the calo-
rimeters was estimated to be less than 1/10 second throughout the reentry, and the meas-
uring accuracy of the thermocouples operating in conjunction with the telemetry system
was within +28° K (:+50° R). The gold calorimeter temperatures were commutated at

five samples per second.




-

TRAJECTORY AND:S:EéU'EI.QﬁE:O'F :éifEN'TS'

¢ 660 ¢ o0¢ oo

s o e 9 L]

s o o oo o
* & & * @ .

e ° o ¢oe o0

The Fire II space vehicle was launched from Cape Kennedy on May 22, 1965. The
flight was along the Atlantic Missile Range with impact of the reentry package occurring
in the Atlantic Ocean near Ascension Island. A schematic drawing of the flight trajec-
tory and the associated sequence of events is presented in figure 5. Curves of altitude,
velocity, and Mach number are presented in figure 6 for the reentry portion of flight.
Details concerning the Fire II trajectory and the atmospheric soundings conducted after
the flight are contained in reference 6.

The flight was essentially nominal with all systems operating as planned. The
reentry package, spinning about its longitudinal axis at 3 rps, reentered the earth's atmos-
phere with relatively small body motions. Initially the coning angle was less than 10,
increasing to about 5° just after peak heating and about 11° at the end of the last data-
gathering period. These angle-of-attack variations appeared to have very little effect
on the measured afterbody data.

RESULTS AND DISCUSSION

Afterbody Pressures

The pressure was measured at one location on the Fire II reentry-package after-
body as shown in figure 3, and these data are listed in table III and plotted in figure 7.
The upper portion of figure 7 presents the pressure data in dimensional form as a func-
tion of elapsed reentry time from an altitude of 122 km (=400 000 ft). The data indicate
a fairly smooth increasing trend initially; however, above a pressure of approximately
800 N/m2 (6 mm Hg) the scatter increased markedly. In this region, the readout accu-
racy was impaired by poor quality data caused by the combination of telemetry noise and
sensor inaccuracies as the limit of the thermopile gage was approached. A gap in the
pressure data occurred between 28 and 34 seconds because the pressure exceeded the
operating limits of the system. After 34 seconds, the pressure decreased to a value
again within the range of the pressure sensing system.

In the lower part of figure 7 the Fire II data are plotted in the form of the ratio of
afterbody pressure to the calculated stagnation equilibrium pressure behind the shock as
a function of the elapsed time from an altitude of 122 km (=400 000 ft). For comparison
purposes, the Fire I data as well as available ground-facility data are superimposed on
the figure as a function of free-stream Mach number. The behavior of the Fire II data
prior to 22 seconds may be due to the effect of nonequilibrium flow on the front face of
the reentry package or flow separation on the afterbody. However, there are insufficient
data to substantiate either of these possibilities. The flight I data prior to 20 seconds

o gy
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large angular fluctuations early in flight (see refs. 2 and 5) and do not correlate well
with the flight II data during this time period. However, the Fire I data measured in the
later stages of reentry compare favorably with the Fire II data. In addition, comparable
ground-facility data (refs. 7, 8, and 9) plotted in this figure exhibit fair agreement with
the Project Fire results,

An attempt at correlating the afterbody pressure data with ground-facility data and
theoretical calculations is made in figure 8. The data are plotted in the form of pa/pco
as a function of free-stream Mach number. The theoretical curves shown in figure 8
were calculated as outlined in reference 5. In the calculations, the flow was assumed to
expand two-dimensionally around the corner from the sonic point to the separation line,
which was assumed to be parallel to the free-stream flow. The equilibrium pressure
behind the normal shock wave was calculated by using the gas tables of reference 10.

The pressure distribution across the front face of the reentry package as well as an esti-
mate of the location of the sonic point on the body surface was determined from flow-field
studies on the Fire reentry package (refs. 11, 12, and 13). In addition it was assumed
that the location of the sonic point on the small corner radius remained stationary through-
out the reentry flight, Data from both Project Fire flights and ground-facility results
exhibit fair correlation when plotted in this form. The sudden change in slope in the data
at M, = 35 could be the result of nonequilibrium flow effects or afterbody flow separa-
tion, as mentioned previously. Calculations made on the basis of the Fire II trajectory
and the tables of references 10 and 14 indicate that very early in flight and in the later
stages of reentry, the value of y sp approached 1.4; however, during the major part of
the reentry measuring period, the value of Ysp Was approximately 1.2. Thus, the theo-
retical curves in figure 8 indicate the trends in the afterbody pressure data, but they indi-
cate higher levels of pa/pOo than the measured flight data. A more accurate calculation
of the afterbody pressure ratio could be made if the variation in location of the sonic
point and the effect of Ysp On the afterbody flow separation line is considered; however,
such detailed calculations are beyond the scope of the present report.

Calorimeter Temperatures

The afterbody calorimeter temperatures are presented in table IV and plotted in
figure 9 as a function of time from an altitude of 122 km (=400 000 ft). The temperatures
presented are those measured on the rear surfaces of the 12 gold calorimeters located
on the reentry-package afterbody as shown in figure 3. The two thermocouples attached
to the base of each gold calorimeter (see fig. 4) measured the same temperature within
the accuracy of the measuring system; consequently, temperatures from only one thermo-
couple are presented in this report.

; a4
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with small disturbances in the slope of the temperature-time variation occurring near the
times of beryllium melt and phenolic-asbestos heat-shield ejections. For reference, the
times of these occurrences are noted in figure 9(a). The solid curves in figure 9 repre-
sent curve fits of the temperature data which were used in calculating the afterbody
heating rates., The scatter in the data is a function of the accuracy of the data-gathering
system, whereas the changes in slope of the temperature-time curves are associated with
contamination of the afterbody flow field with melted beryllium and heat-shield ablation

products.

There was little variation in the temperature data with circumferential location;
however, a longitudinal variation was apparent. At a time of 40 seconds, when the maxi-
mum calorimeter temperatures were measured, the temperature distribution proceeding
rearward along an afterbody element indicates decreasing and then increasing tempera-
tures as the afterbody apex is approached. The maximum temperature of all 12 calorim-
eters remained less than 670° K (1206° R), an indication that melting of the calorimeter
surfaces did not occur during the reentry heat pulse.

Afterbody Heating Rates

The afterbody heating rates were calculated from the temperature variations meas-
ured by the 12 gold calorimeters and are presented in figure 10. In general, the heat
storage equation combined with curve fits of the smoothed calorimeter temperature-time
histories was used in calculating the afterbody heating rates. A description of this
method is presented in reference 5. The curve fit of the temperature-time histories
for each afterbody calorimeter is presented in figure 9,

The afterbody heating rates are plotted in figure 10 as a function of time from an
altitude of 122 km (=400 000 ft) for the various locations of ¢ and x/l. Throughout
reentry the afterbody radiometer indicated zero radiation except for one flash associated
with a forebody heat-shield ejection. These data indicate that the afterbody radiation was
less than the threshold of intensity of the radiometer, which was approximately 1 W/cm2
(0.9 Btu/ftz-sec). It is therefore concluded that the afterbody heating rates consisted
mainly of convective heating. Inspection of the curves indicates a rapid initial increase
in heating rate with a slow decline after the peak values were reached. In addition, there
was a certain amount of scatter in the times at which peak heating rates occurred for all
calorimeters, which was associated with the sensitivity in the determination of the inflec-
tion points of the temperature-time variation. The maximum heating rates indicated by
the calorimeter measurements ranged between 17.8 and 14.5 W/cm2 (15.7 and
12.8 Btu/ftz-sec), with the highest values being recorded by the most rearward calorim-
eters. As was true for the temperature variation, there was no signiﬁéant circumferential

Sl 7




var1ailon m the héatmg rat'e dh.ti however fhere did appear to be an effect of longitudinal
locatlon ThlS effect 1s shown 1n the summary curve of figure 11,

The ratio of the measured afterbody heating rate to the calculated stagnation con-
vective heating rate is plotted as a function of s/R for the Fire I and Fire II data in
figure 11, The stagnation convective heating rates were calculated by using the method
of reference 15, and the times for which the Fire I and Fire II data are presented gener-
ally correspond to the time of peak afterbody heating. For comparative purposes, after-
body heating data for Apollo shape bodies from various ground facilities (refs. 7 and 9)
are plotted in the figure with the respective free-stream flow conditions listed in the key.
In general, the Fire I and Fire II data fall within the scatter band of the ground-facility
data and favor the high side of the band. The Fire II data exhibit the same type of con-
cave longitudinal distribution with s/R as the ground-facility data. This variation is
not pi'esent in the Fire I data possibly because of the large body motions that the Fire I
reentry package underwent during the reentry portion of flight, For the peak heating
conditions, the Fire II afterbody heating rate ratios ranged between 0.038 and 0.044.

CONCLUDING REMARKS

The second of two planned flights has been flown to investigate the heating environ-
ment on an Apollo shape vehicle entering the earth's atmosphere at hyperbolic velocity,
The reentry package entered the earth's atmosphere at a velocity of 11.35 km/sec
(37 200 fps) at a flight-path angle of -14,7° with the local horizon. The vehicle afterbody
was instrumented to obtain total and radiative heating rates as well as limited pressure
measurements,

The Fire II afterbody pressure data indicate reasonable agreement with the Fire I
data and compare favorably with available ground-facility data, Both Fire I and Fire II
pressure data correlate well when plotted in the form of the ratio of afterbody pressure
to free-stream pressure as a function of free-stream Mach number.

For the range of conditions that the reentry package was exposed to during flight,
the afterbody heating rates were mainly composed of convective heating. The maximum
heating rate measured on the reentry package afterbody was 17.8 W/cm2 (15.7 Btu/ftz—sec)
which was measured at the most rearward location on the afterbody. The ratio of the
measured afterbody heating rate to the calculated stagnation convective heating rate at



peak heating conditions ranged between 0 038‘and 0. Q44 :a;ﬁuhtmg ,fagroagreemenl with
comparable ground-facility results, . . oottt s oeee e
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TABLE I.- AFTERBODY SENSOR LOCATIONS
Station Afterbody sensors x/1 (s/Rpy) av

1 Geometric stagnation point ——— 0

2 Heat-shield shoulder 0 1.17

3 3 calorimeters (+) 0.19 1.51
¢ = 0°, 120°, and 2400

4 1 radiometer (o) 0.32 1.75
¢ = 203.45°

5 3 calorimeters (+) 0.38 1.86
¢ = 09, 1200, and 240°

6 3 calorimeters (+) 0.56 2.18
¢ = 09, 120°, and 240°

7 3 calorimeters (+)

1 pressure sensor (A)

¢ = 265°

8 Theoretical apex of conical afterbody 1.00 2.98

12
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TABLE II.- MASS OF AFTERBODY GOLD CALORIMETERS

Afterbody-calorimeter position

Mass of gold
calorimeters, g

¢, deg x/1
0 0.19 5.1532
.38 5.1748
.56 5.1031
. L .10 5.2093
N
120 0.19 5.0364
.38 5.1277
.56 5.0815
.70 5.1602
J
240 0.19 5.0919
.38 5.1975
.56 5.1935
wb .70 5.0338

13



L X X R J
a0
*> o

(XX R X ]
®o0 00

or1” e¥'8SL 8E°EY 691" ¢e'L20T 0%'92
€L0° 10°%0S 8T'E¥ 681" IT°€0ET 61°92
ort’ av'8GL 66°C¥ 6%1° ¢E°Lg0T 66°SC
001"* 87689 6L°CY 691" 2€°Le0T 8L'GT
001" 8%°689 6S°CV €91° G8°€eI1 86762
o171’ ev'8SL 6€°%V €91° G8'€2TT 8€°GT
011" Sv'8GL 61°C¥ £91° G8°€211 L1°62
001" 87689 66°1¥ (348 3€°Lg0T L6°%3
590" 0S¥ 6L°1¥ —---- s 9L'¥¢
611" 8%°8¢8 661V 61T 8¥%°0¢8 9G'%2
£€60° b1°6€9 6¢'1¥ (349 %E°L20T 98°%¢
611" 8%°0c8 61°1¥ 6¥%1° c8°L201 91°%¢
001" 8%°689 66 0% 681" T1°€08T S6°€C
or1’ SVv'8GL 08°0% 681" 11°€0€T SL°€T
o11* 8%°689 09°0% £91° G8'eqIT VYa'ET
01T1” C¥'8SL 0% 0% 681" T1°60€1 $€°€T
611" 8¥°0¢8 03°0% 681" T1°€0ET £6°G2
o11* v 8SL 00°0% 611" 8%°028 14044
(49 % I1°016 08°6¢ 611" 8%°0¢8 (4944
€91° G8°8e1T 09°6¢ 001° 87689 21°22
611" 8%°028 0%°6¢ 980° $9°€69 16°12
GE1” 11°016 02°6¢ 001" 87689 1L°18
611" 8%°028 10°6¢ €60° 1°6£9 16°1%
691" e L20T 08°8¢ £60° y1°6£9 0€°1¢
681" 1T°€0ET 19°8¢ 6L0° LO°9%S 01°12
€91’ 686211 0%°8¢ LG0° 00°€6¢ 06°0%
681" 11°€0€1 10°8¢ G90° (U Ai44 69°02
£€91° G8°¢g11 18°LE LS0° 00°€6¢ 6%°02
€91° §8°¢g11 19°LE 160° £€9°16¢ 62°02
681" 11°60E1 0%°LE €%0° 9T°L62 80°02
681" T1°€0€T 02°LE Lo’ $0°€5¢C 88°61
681" 11°80¢T 08°9¢ G€0° 6£°€¥C L9°61
6¥%1° 28°L30T 0%°9¢ e0° L6°0€8 LY'61
681° T1°80€T 02'9¢ 1€0° L9°1128 93'61
€91’ G8°¢311 00°9¢ L30° 09°€81 90°61
681" 11°¢0€1 6L°GS 120" IS &34 68°81
681" T1°€0ET 66768 610° €6°831 G9'81
€91° G68°€211 61°6¢ €10° €9°68 P81
£91” G8°€311 8L°¥E [40) 05°68 £€2°81
681" T11°€0€1 8G°%E S10° 81°901 90°81
611" 8¥°0c8 ¢9°Le ¥10° £6°96 28°L1
681" 11°60€T 1¢°L% 110° 9%°¥L G9°LY
€91’ G8°€C11 10°L3 600° 91°19 1¥°L1
6%1° 2e°LT01 18°92 800" L 9S 1%°L1
68170 I1°¢08T 09°92 §00°0 £0°LE 00°LT
eisd ZW/N bED e1sd 2W/N 09s

‘aanssaad Apoqaaiyy

‘(37 000 00%~)
Wy gZ1 JO 9pmili[e WOogy SwWL,

‘aanssaxd Apoqray

(33 000 00%=)
wy ZgT O apnjje WOy suIL],

L°0 = I/X 692 = ¢
; ]

dDVIOVd AYMILNIAY JHId NO AHYASVIN STUNSSHYd AAOGUALIY -°III ATEV.L

14



GL EEY

SL°0%Y 10792 19°6€Y 99°9Z 28° 19y %0°92 €0°92
99°1%% 88°62 65°554 98°67 86°€GY $8°62 SsLhy €8°52 61°2%% 28°62 €9°€9% ca°62
69°94%% 69°52 L5°25% 19°62 58°6%% 99°52 y5°2Zhy ¥9°62 09°LEY €9°52 21°19% 19°52
26" LEY 69°52 26"LEY 8v°62 95°8%y 9y°62 S0° 04y Sv°52 86°04%% eveez 09°1G% Y52
19°9€% 0€°52 Y¥9°Suy 82°62 62°84% 12°52 T1°5%% 52°62 L1°9%% LTAR T4 31°29% 22°se
8I°s2¥ 11°s2 0%°9€Y 60°62 39 9¢€y 80°52 90°1¢eY 90°52 09° 1€y 1 T4 %9664 €062
09°1€Y 16° 492 6L EYY 06°%2 L1919y 88° 52 ZLUEEY L8°%2 61°€€Y $8°4Z €€ Gy %842
10°6EY 1wt 1L°LEy 0L*92 LI*s€EY 69° 92 81°LEY 19°92 967€2Y 99° 452 LTANTL 9942
11529 €5°92 68°1€Y 15°92 96°2€% 052 EEVELY 8y°%Z 9E°91% L9° %2 zE9EY AL 7
86 €Ty EE" 9T 86°vEY e w2 €9°62% 042 SE*SZY 62°92 16°21Y 12°%2 DR 6EY 92°42
0L°9TH y1°v2 89° 42y 21ve 19°€2% 11°92 12°52Y 63°92 (2322 L 86° w2 SHTLEY 3*92
9€°91% v6°€2 68°1€Y €6°€2 L6°L1y 26°€2 96°91% 06°€2 69°€1y 68°€2 SL°62% 18°€2
€9°80Y SL°€2 6291y LRI ¥ 59 L1y zLe€2 LAFAL 1L°€2 98°98¢€ 69°€2 96°H7Y 89°€2
€L ETY 95°€2 €L°11Y »G'E2 28°0Z% €5°€2 dyuly 15°€2 CEM AT 06°€2 wL12% 8y €2
8vely 9e €2 1€°92Y SE°€Z €0°22% ve€2 2z Ly 2e°€2 $1°80% 1€°€2 66°0EY 62°€2
16°90% L1°€2 S9°L1Y 91°€2 B2 11Y »1°€2 8L 11% E1°€2 LL*€0Y 11°€2 2e°02y R ¥4
29°50% 86°22 9%°61Y 95°22 Y6 0% 66°22 12°L0% €6°22 21090k z6°22 B6GEY u6ee
19°86€ 8L°22 19°86¢€ INAF+4 19°86¢€ sL°22 19°85¢€ wLe2z2 02°06€ €L°22 9197y 11422
22°v6€ 66°2¢ 61°20% 85°22 11°10% 9622 1110y s5°22 L1°€6€ €6°2¢ 2160y 25°22
49°96€ aye2z 92°60% 8e-22 96°96¢€ Le°22 L1L13% s€°z2 €L°06€ LTAK L4 ZL 85 2€22
62°16¢ 92°ze SY°S6E 61°22 62°16€ L1122 SL°30Y 9122 17°68€ s1°22 SETZ0Y €1°22
16°L8€ 12722 $9°00% 09°22 88°G6€ 86°12 Y2 Z5E 16712 26°96€ s6°1¢ vE* 11y ¥6°12
00°28¢€ 28°12 10°66¢€ 68°12 52°68¢ 6L°12 6Z°53E Leee 96°£8€ 9L°12 £6°Z6€ wLt12
DEHLE z9°12 67°8LE 19°12 L9°1LE 65°12 L9°TLE 8512 2E°99¢€ 96°12 6L°99€ €512
9zeele €r°12 z2°€8¢E en12 28-%LE ov* 12 € LE 6E°12 S *69¢€ L€°12 LTAX 11 9€°12
0Z°59¢ ¥2*12 zLe9LE 2z 12 62°L9¢€ 12°1e 89" HIE 61°12 89°49¢ 81°12 98°6L€ 91°12
€9°€9€ wo e 65°SHE €312 vz LLE 19°12 wZoLLE 93°12 gy 1L€ 86°102 BZ*6R€ 16°02
10°89¢€ 5822 gL HLE ¥8°02 10°89¢€ 28°02 10°89¢ 18°02 S1°bSE 61°°2 TECSLE gL 02
06°19¢€ 9902 956°99¢ %902 26°59¢ €9°n2 SY*E9E 19°02 L6°€9€ u9°c 16°92¢ 8502
12789€ 94°32 66°SLE Sv*02 SL°L9€ €v c2 59°HLE 24°92 12°89¢€ 24°0Z 16°8L¢€ 6€°02
62 ¥9€ 12°n2 »9°GLE 9z°02 38°59¢ LT A 7€ 53¢ €202 89°39¢ 12e0e 2e°59¢ ALY
11°29€ 80°02 €€°19€ 93°02 Z9°0LE 50°92 90°GLE €0°02 86°55¢ 222 €0 hLE 10032
CL*6GE 8861 66°89€ 18%61 SE°H9E $8°61 90°TLE »8°61 »R*6LE 28°61 9B6LE 18°61
LS*ESE 59°51 EECT9E 89°61 92°6S¢€ 99°51 22°85E 59°61 LG EGE €9°61 €6°L9¢€ 29°61
1e°8%¢ 05761 L9°66¢ 8v-61 95°96¢ Ly*s1 20°65¢€ Shes1 8°€5€ LT 1y°19¢ Zv*61
G0 HHE o€ 61 yL°8Y9E 62761 (284 111 1261 €6°3%E 92761 T1°€€€ LTAL GCoyue €2°61
vE 62€ 11°61 L9°BEE U161 I434 434 80°61 1y SvE 10°51 1L°6EE $7°61 FE yvE v2 6l
91°12¢€ 26°81 §6°0€€ 05°81 8€°92¢ 68°81 S8°GZE 18°81 89°12¢ 98781 nZohee v8°81
3111 21791 1€°82¢ -8l Jees2e 69°81 ¥Z°92¢ 89°81 28 91€ 99°81 6L°L2€ §9°91
28 1¢€¢ €581 vG°8EE 25°81 26 YEE 0s°81 S8°ZEE 6y°81 42°62€ Lyel 60°LYE 9%°81
s0°22Z€ vE* g1l 26°2€€ ze*81 29°€2¢ 1€°81 09°€2¢ 62°81 09°¢zE 8z°81 58°0CE 9281
c8*vI€ y1°81 €L ele e1°gl 59°11¢€ 11°81 16°LIE 01°81 16°41€ 80°81 Z1°92¢ ce 81
16°LT€ g6°L1 90°22¢ 4611 90°22¢ 26°L1 69°€2E 16°L1 LAFR {1 68°L1 59 0ZE §8°LT
1€°G1€ 9L°L1 2L721¢e wreLl BE°LTE €L°2L1 82 %1€ 12001 9L ETE BTREN 25°12¢€ 89°21
62°50€ 95°L1 LO"60€E §s°L1 S%°LOE €5°21 Sy LIE zs°Ll §9°L0€ o6°L1 92°21¢€ ev°L1
L9°€0€ LeLl E1°€0€ €LY L€ 90€ vETLT 16°93¢ €e°Ll 1£°90€ 1€°L1 SL*y5E cecel
S1°11¢€ 81°41 ¥5°63€ 9111 §2°50€ s1°L1 €6°L0€ €121 81°21¢ [ARFA e 9te’ 1oLt
617162 86°91 06" 10€ L6°91 0s°10€ $6°91 96°T2€ ¥6°91 05°T6€ 26°91 T6e 1€ 16°91
9T°T1€ 6L°91 EE*90€ 8L*91 %6°L0€ 9L°91 5Y*LIE 5191 §6°60€ €L°91 18°90€ 2L1°91
15°60€ 09°91 0z %1€ 85°91 |8 88814 15°91 €8°90¢ 56°91 €8°90€ 95°91 YE'6TE 25°91
6%°10€ 0991 6%°10€ 6£°91 96°20€ LE*9T 95°2J€ 9€°91 88°667 9€°91 JTCE2€ £€°91
LS°0TE 12°91 01 TIg 02°91 T 1EE 81°91 06°L2¢ L1°31 $ne0TE $1°91 s8°61¢ ¥1*91
98 J98 098 298 098 W8
2| (5 000 00¥) 7 |01 000 0o%) g | (000 00¥) 7 | 3000 00%) 1 | 5 000 00%) .7 |1 000 0OF)
8¢ =3 Wy 221 61 =3 ary 221 oL =y wy 221 9 =5 ury 2Z1 88 =y ury 221 6 =% ary gz1
WOJJ dUIL], wWoIy WL WoJ} 3w, woxy WL WOoJ} dWIL], woJx} 3WL],
XI=¢ 0=9
ix, ‘gaanyeraduma) Apoqrayy

FHVAOVA XMINITH THId LOFALO¥d NO QIHNSVIW STUNILVIAINIL A@DEUILIV - Al TVL

15



19°2s8s RS *9¢ 61°69s 96°9¢ £%°909 §6°9¢ 2r*Lss €8°3¢

1L°€98 BE*9¢€ 1L°€99 9¢°9¢ 19°019 GE°9¢ 93°0LS €E*9E 29°18% 21°9¢ 69°95¢ J1°*9¢
8E°9%S BI°9¢ €EYLG 91°9¢ 29°119 s1°9¢ GE*GIS €1°9¢ 69°4965 I4- 2831 yS°88S T6°s¢
21586 86°6¢ 8L°89¢ L6°S¢E 06°9239 66°G¢E SH*138 ¥6°6¢ 92°1¢s 2L°6¢ 96°946¢ TLtse
26°ves 8L g¢E SE°1hs LLese 19 L8s 6L S¢E 85 1¢es hL°s¢e €ER°GES 266Gt 92695 16°6¢
89°¢€S 65°6¢ 6€°08S 15°6¢ 90°685 §5°G€E 16°9¢ES y5°6¢ 9R*“1%S €€°6¢e R%°G9g 1e*s¢e
2€° 1458 bE*SE 12°4ss LE®SE 5€°98s 9e°¢c¢E 9¢e* LS YE°GE RI°€€S €1°6¢ €2°156 T1°s¢
ZLEES 61°6¢ H1°8%S L1°¢¢ 81°06s 91°6¢e 3B*Z%S y1°6¢ €€ €S £6°H¢E 19°L9% 16*%¢
86°0h¢g 66°H¢ 9L°ESS 86°%¢ 69°98¢ 96°vE s8°8€S [1-24 43 6R8°6€S €L°vE le*CLs 2L ke
SoENS 6L°*H¢ 18°8¢s 8l°hE AL 168 9L ye %6°3%% SL*%t 86° 196 €6 ve 19%21¢ 26 he
€E° 956 68 H¢ 26°LlSS KRG HE 94°26¢ 96 e BE*LYS Sg°he 16°6€6 YE* e LAGS 73 2E° 9t
€2°Lyg PLAR 12 Co*C9s BEHE 39°¢8¢ leTve 06°9%% SE°he TL°2%S 91°4e €9°6/8 21°ne
68°9%¢ 02°4¢ 26° 195 Bl %t 90°68S L1°hve £5°LYS ST*he 14645 6 ce 8G°¢ELlS Z6°¢€¢
68°Yy4G 00°»e 29°29s 65°tE 66685 L6°€¢ SH oS S6°EE c0°6¢es bl ot 61°28¢g €Ltee
68°LhS [¢1: A8 3% JG€9% 6LEE 08* GRS li*ee 6%°0686 9L°EE 01°0%s HG°fe 66°)JLS €6 €E
YT1°1%% 39°¢ce 1L°€sS 65°€E IL°9LS LS°EE 6" 166 9s°¢ce 86°22S GE*EE L0 6%S gecee
62° %S 1y°ce S8 99s bEEE %6°59% ggetE 230t 9e°te 16°¢€2¢ sl°ce (21 f1°¢€e
1y 0es 12°¢¢ 9L°9%S 61°¢c Y€°899 8l €E RS*EES 91°€¢€ %9°0¢€S G6°7¢ 89°16¢g £6°2¢€
15°825 10°¢€¢ 68°6Hg 66°7¢ 19°0LS 86°2¢ YL°Zes 96°2¢ 08°22s 6L°Z¢ 96°£46g 91°2¢
8t°62s 18°2¢ J9°08s 08°2¢ 21°69¢ 8L°2¢ €2°92s LLeze 1£°€2¢ as°Z¢ 23°6%S hG2¢
€0°82¢ 19°2¢ L8°S%S 09°2¢ 2L°€9s 86°2¢ 66829 Ls°ze £Y°elg 9e°2¢ 19°8%g Ye°2¢
£6°€2% 29°2¢ 89°6€S VhrZe H1°0LS 6€°2¢C [l A ¥4 le*ze 12°108 91°2¢ 9Z°4%ES 12t
€6 i6Y 22°2¢ J8°81S DrAF43 €6°9¢S 61°2¢ YL°6I8 L1°2¢ £9° L0 96°1¢ wZ*sts Y61t
1%°€0s £o0*2¢ 16°22¢s Q5°2¢ [ 4 19 66°1¢ S9°L31S L6°T¢E IR*526 9L 1e G9°RZ2S L1t
66°01s 28 1¢ 06°5T1s 18°1¢ 20°6¢€S 6L°T¢e Z1°11s 8L°1¢ €1°90% 951t [ A AN s 1¢e
2L°L0S 29°1¢ €8°228 19°1¢ LA el 4 66°1¢ €1°92¢s 8BS 1€ HH°206 9e° e 15" €S setlt
96 (S €9 1E §6°618 Tv°1¢ €6°9¢S Oh°1¢ L Ae) 8 8E° 1€ 1%*2%s L1°1¢ 1e°Ceg s1*1¢e
9%t €£0S £2°1¢e 68°1¢2¢ 12°1¢ €9°9¢S cZ°1¢ »6°238 81°1¢ 66°86% L16° ¢ a6°€2s S6°Ce
26 L6y €0 1¢e 8e°ET1S 10°1¢ L6°226 03°1¢ 66°85% 86°0¢ 91169 LL*’e 26°%2% 9L GE
68°S8Y £8° 3¢ [4: A8 311 ZR*CE Gl°128 J8°C¢E EEHSYy 6L°0€ 99°*06Y 15°° € 06°628 96°7¢
L6°9EY £9°2¢ #5°80S 29°0¢ »9°0¢s 09°C¢c 29%55% 56°0¢ 9869y let e 81°8°¢g 9€° 0t
G6°25% LA A J9°*90¢% Z2h°0¢ 22°61S [¢1 o] 3 Z23°y8Yy 6E°2¢ 1169 Rl LL°91s 91°ue
28°96% 92Z° ¢ 90°21s 22°0¢ €Yy 02¢ 1Z2°0¢ 29t LSY 61°0¢ £9°96% B6°62 %2°12¢ 9662
85°G6% ¥0°2¢ et Z1s 230t 98°€2s 10°0¢ LL*65Y 6562 981y 8L*62 29°s%S 9L 62
€6°LLY 88°62 0L*68Y €862 LA 2414 18°62 66°68Y 08°s2 I LLYy 8662 L4 4nd 16°62
21°08% %962 68°teYy €9°62 €6°8US 19°62 LS*98Yy 09°52 1LLLy 8L 62 £6°%28 Le*62
61°58% L4 2. Y4 15°68% €w*62 I4°508 v°62 ZL Y8y Jh°62 G2°esYy o1°62 a1°86y L1°62
LE°68Y 62°62 15°95% €2°62 Ly°H0s 2z 62 56°08Y 2262 09°6LYy 66°82 AG°L6Y lée*ge
12°28% g3°62 oL A% 4 €062 L1°10s 20°6¢ 89°98Y 23°52 82°69% 6182 6y°L6Yy LL*82
21°L9% s8°82 €G°6GY ¥8°8¢ £2°68% 28°82 LE*JLY 08°8e Z1°8LlYy 66"/ 36°9°5 gs*82
86°69Y €9°82 Le* 18y %9*82 05° 16y 29°82 €0 LYy 1982 2L %9y 6t 8¢ 9L toh HE* 82
€9°L9Y sv°82 21°efly Y982 61°%8% 2y ee L5°L9Yy 1%°82 95°89Yy 5292 26°98Y 81°82
£E°994 92°82 86°8LY Y282 2% 98y €Z°qe 28°S3Y 12°82 26°09% 208z E7°6LY fe*Le
YL E9Y 90°82 58°89Y $2°82 S6°8LYy €082 63°%3% 10°82 29°89% 2812 L1Lay 8l*L2
16°99% 98°L2 sE°€lYy 68°22 T LLy €812 G959y 18°L2 29°84%% 0912 81594 66°L2
62 16Y 99°12 L6°19% s9°L2 28BSy €9°¢Le SEHhYy 29°t12 1e°85y [ AN X4 HGLLlYy et e
e 1Sy 9912 81°9%949 syt Le §0°29¢% [ A ¥4 J6°ESYy Zy*Le 8L°SsY 12°12 Gl1°9Ly 6122
S8°95Y Lecez I9°69% L TAN ¥4 B9°69¢% 92 L2 8L*SSY 2z tLe €L°65Y 1232 BI*GLYy 66°92
Q09° L8y L2 60°69% [ oA ¥4 L1°89¢% ¥0°L2 L0 LS5y 20t ] LA Da %1 6692 66°98% 8692
12°1Ly 69°92 16°14% $9°92 EEEYY 29°92 €EL*9SY 19°92 62°164% Q4°92 SH*69¢y 6€°92
£9°€SYy 99°92 €y Eqy 99°92 85°€9y €9°92 0645y 19°92 ! LE* 9oy 1292 L2°€9Y 61°92
12°24% L2°92 G2°9G6% 52°92 £6° 159 9Z2°92 LE* Yy 22°92 65°1¢Y 10°92 29°65% L0°92

298 98 008 oo 208 J98
1 | G000 00¥) .7 [ 000 00¥) ._1 |0 o000 00%) .1 | G000 00¥) . _1 | 01000 00%) 1 | (3 000 00¥)
s =% | wazzt | er=1 | wazgy o=y | uMgzr | 95 =3 wyggy | 86"y | wazeg 8 =y el idd
woIy swiy W0y awl], wWoJIj sy, WIOX] WL woJIj swyy, WOIJ JWLL
e =¢ 0=?

N, ‘sa1mperadurd; Apoqrayy

panupuo) - FDVIOVA XULNTTY TUId LOANOYd NO QTUNSVIAN STUNLVIIIWAL XQOEYILAV -"Al ITHVL

©
-t



9C-e8s 92°8.9 £9°¢ty
89°29¢ 15°€19 [ A7
59°69¢ L ey 59°96¢ L9°EY 62°129 89°€y 93°¢38 99°¢y 99 9ls 26°879 €2°€Y
15°696 15°€Y 0€°98¢ 69°€Yy 95°0€9 BY*EY 85°89¢ 9%y € €RG 11°€19 vy
8L°0LS T€°€Y 91°66% 62°€Y 16°1€9 82°€y HE*ERS 92*Ey €9°28¢ €€°229 v8°2y
96°4LG 1€ L1668 o1€y 86°L29 89%€Y 9€°€83¢ L3%ey 99°58¢ 98°219 49°2Z%
19°69¢ 16°2% 56966 5629 93°0€9 8B*2¢y 13°9L8 Laczy 1£°88¢ 99619 b2y
99°49Lg Lezy 82066 aL°2Y 95°6€9 69°2¢% 99°58¢ L9°2Zy 28°066 #9819 9Z°2%
95°6L6 252y 65°L6% G2y 55°9€9 6y*2Zy 86°LLS Ly°2y 12°06$ »Z*619 SN2y
9y°6LS 2€ 2y 90109 JVE2Y 6Z°2y 28°05¢ 122y 4€°68¢ 26°979 58° 19
I7°6LS 212y L8°86% 11°29 6J°2y 1L°056 go°ZY 11°196 15°66S 59° 1%
Zy°sLs 26°1% 8L°58¢ 16°1% 68°1¢% R3°156 83°1# SE°H9g €2°629 [124 )
94v*258 €L°TY 66°2L6 ety 21°019 oLty €1°83¢ 99° 1y 0n°2Ls /9°809 S2° 1y
69°15¢ €51 9% LS 16°1% 8%°G19 29°63¢ ey 1y ¥0°GLg 22609 9314
¥5* 598 EETTY LL*28% 1€° 1% 80°2€9 TE*9Ls 8Z°1y creoLs 0929 98°0%
€6° 996 €11y €1°€8g 211y 96°0€9 BE*6LS 621y 6°29¢ 11°219 99°09
9L°€95 €6°7y 227066 26°0% 55°829 98°18¢ 68°04 9L 16¢ 81256 9u Cy
Ly* 695 YLy 49°985 2L 0y LY 1€9 6L°9LS 69°2% f70E9S 16°666 92°CYy
9L°15¢ ys o0y 1€°69¢ 25°0y 22119 BI*LSS 59°3y 16°19% 6E€°L:9 9ncy
€T 6Yg vE0Y 16°595 2E*DY $1°029 hrag %14 62°0Y 7621 €129 L19°6¢€
29°L5% (3 &N €9°2Ls €1°0y 36129 11 0y §5°59¢ 21°0% RE°GLS €9°629 L9°6¢
9C° 096 96°6€ 68°6LS €6°6€ SE* 929 16°6¢€ 26°2LS 26°S€ 7R°8LS 19+219 L9*6€
69°2L$ (78417 LE*HRS EL b€ 10°0€9 1L°5¢€ 83°6Lg 9L°6€ 87*9Lg 65°919 12°6€
$6°0LS S 6E 11°48¢ €5°6€ E1°€€9 2 5E 69°285 05°5¢€ 6€°2L5 60°6€ LZ°€19
2L 69¢ SE°6E 15°586 €ET6E £6°929 2E°6E L2°6LS Jd€°6E %6°LLS 68°8¢ COCEL9
6€°2LS 38413 €6°28¢ Y1°6€ 19°629 216 LL*BLS 21*5¢ 0L*9LS 69°R¢ 9L 609
%0°GLS $6° 8¢ 12°58S ©6°8¢ 59°1€9 26*8¢€ €L°ERS 16°8€ 9682 26°RE [ 888 L]
6€°89G SL*RE y1°498¢ L7RE:1 12°829 ZLee 95°6LS TL°8€ 16°21s SE°8E L9*219
€E°YLS 95°8¢ 25°06% [134:13 59+829 (13413 L9°08¢ 15°8€ 98°9Lg 018t 19119
1€°69% 9€° 8¢ §2°6LS 9E*BE L2°629 €€ 8¢ LT+ 14 1£°8¢€ €R°1LS 06°L¢ R0°€19
99°CLS 9T°RE 12289 41°9¢ 90819 €1°8¢ 59°13% 11°8¢€ €2°19¢ oLLg [k Sl
s1°89¢ 96°LE 26°98¢ SH°LE €$°2€9 €6°L¢E 62°18¢ 26°LE €2°99¢ 05°1¢ 21°929
62°89S L Le 90°€8S sL*Le 50°029 €L°LE 93°¢€8S ZLcLe 1%°0LS Tle*te 2L*129
9L°99¢ LG LE [124+1:11 S5 LE 91°929 ¥ LE 93°9L5 2s°Le $2°59¢ 184711 64°866
08°186 LELE €9°28S SE*LE L6°929 #E°LE La3oLLs ZE*lLE 26° 15§ 16°9¢ 18°ChS
99°£9¢ L11¢ 38°9Ls Ql*LE €Z2°629 b1t €eELLS eisLe 9€°28S 1L°9¢ 65 °96¢
90° 556 L6*9€ €2°%9¢ 96*9¢ 19°909 ¥6°9¢ LZ*Lss €6°9€ $6°6YS 15°9¢ L18°16¢
6€°LGS LL*9€ 26°2L% 9L°9¢ 12°609 2L*9¢ 39°095 EL°9€E 294856 2€°9¢ 98°GRG
J98 208 98 298 98
1 | 0¥ 000 oo¥) ; | ¥ 000 00¥%) 7 | (000 00¥) 1 | 63000 00®) . _1 | %000 008 .
88 = x wy gzl 61" =3 Lt 44 o =y my 221 9¢° = x wry Zg1 8¢ =y wy Z21 8T =y
wory swy, . WIOX] L], WoJlj W], WOXJ WL | woJxj awiy
oL =9 N0=?
Mo.nwuﬂﬁuogﬁouhﬂiﬁod<

panupuo) - FOVIOVA AHLNTIY FHIJ LOANOHd NO CIUNSVIN STENLVIIIWNAL XqOGUILIV - Al I'THVL .

17



86°494 31°92 ¥ 67792
€E1° 1LYy 61°62 oL 6Yy LLese Y8 16h 91°62 v8°15h yL*se €265y 16°62 LL*GSY 68°62
1849y 09°s2 28°Chy BG"GZ 80°5hY 15762 Ev*05h 56°62 61295 21762 9E bhb 0L°62
LE* QLY 29762 63°64y 6652 2964 Le°5 SL°TSY 9€°62 2¢590 26°cz e 16°62
9G°GLy 12°52 €155y 61°52 ¥S°25Y 81°52 62°8%Y 91°57 €174gh €€°62 T1*g9s 1€°62
€9°254 z0%sz B4y 00°62 v5°gey 66°%2 €3°05% L6°%Z 91 84y €1 ez 90°1c4 Z1°62
€6°€9Y 28°42 YT 19h 18742 Y11y 6142 1ec1sy 8L°vZ 6n 64y b6 42 21 1hy €6° 492
SE8SY €9°02 9E*OhYy 19°52 TL*LEy 09°%e 62°8%Y 85°52 1v°6¢y SL vz 699¢h eLon?
S8 8EY L 14X ¥ »1°82% FL AR ¥4 Ly*6zy 19°42 €6 1y 6E°H2 GRegey 5642 98°£2Yy L h T4
29°Lvy L AT ¥4 €9°62% €242 8Z 424 12°%2 0L"JEY 22°he 97°6¢% 9¢° 42 nLrosy S€° 42
L1°1hy 50wz 00°0¢Y €592 19%¢2% 20°ve 15°8EY 002 97" 1gy L1*%2 19°€2% ST w2
2 8y 98°¢cz €6°424 va°gz T1°02% €8°€e 21°9€Y 18°€2 Ao Gy 16°¢2 81°12% 96°€2
62° €k 99°¢2 62414 $9°€2 914024 £9°€2 £9°LZh 29°€z 9626 gl ez €2°¢1h 11462
80°€Ey Lyee2 €E°T12Y SweE2 L0°gZY yhrEe 83°62% Zve2 anshze 6c ez 0o 9Th 15°€2
L2y 82°¢z 9L L1y 92* €2 Euezzy sZve€e €0°22% €2°€z 98 HEYy 6€°€7 €9°02% GE* €7
0624 80°¢€Z SH HTy L2°€2 TL6TY s0°€e €1°52% Y€ 9reyzy czecz w2 1lY 61°€2
98°624 58°72 LZ*91% 1822 L2°91% 98°22 25°92v 9822z 6L %Zh 1c*f2 10214 6622
2192y oL zz TR 89-22 Su E0Y 29°22 a1 §9°22 €vc L1y 1877 2548 2822
916Gy tgr2z 0B €0y 6y°22Z 08°€0% 19722 25°21% 9vezz GR*1TY 29°22 18y 19°22
82°L1h 1€°22 £0°86€ 6222 96°96€ 82°22 95°B5E 92°22 "1 GTY €522 16°€3y 1y°22
0L L0y 2172 19°86¢ G122 68°€6€ 60°22 17 22% 20°22 €750 €222 LE€6€ 2z 22
1260y z5°12 $9°00% 15°12 26°96€ 68°12 »1°82% 88°12 9R* €0k b7z 9L°26€ €022
S g6E €112 SH E6¢ 112 1$°96¢ oL"1Z 61°92% 89°12 o204 SR 12 68 06€ €g°1z
6L°v8€ 9612 L6°LLE 25°12 L6°LLE 15°12 Ly=B3E 6%°12 21°Tac c9°12 EeoLe b9 12
%0°06€ wE* 12 L6°LLE €€ 12 29°0L€ 1€°12 6Y°BLE ’12 77°¢o¢ 912 SE°GlE 4v° 12
28°66¢€ S1°12 w2 LLE £€1°12 Iy 21°1e 62°8LE 0T 12 I19°z9¢ 12°12 ayeTLE cz°12
82°68¢ 96°72 18°8.¢ v5°02 SO°ELE £6°22 RI-L8E 16°22 IR 68¢ L1312 €5°2LE 93412
15° 08¢ CYREY S%*99¢ sLeoz S%°99¢ £L°02 28°GLE Loz 27°28¢ 88"~z Lv6lt 18°07
61°58¢ 15°02 £9°89¢ §6°02 €9°89¢ 95°32 16°9LE 25402 86°8,¢ 69°52 v599¢ 19°%2
69°28¢ L€°)7 80°6L€ 9€°62 96°4LE SE°02 ZesL8¢ €€°02 €9°08¢ PR 96°4ig g0z
61°LLc 81*32 00° 1€ L0z 2€°69¢ §1°22 08 08¢ y1°02 €8°18¢ Sgenz 62°49€ 62°02
60°9L€ 66°61 9£°89¢ 16°61 9€°89¢ 96°61 8y°2LE 96°61 61°62¢ 11°°2 7€ *99¢ 6202
18°08€ 6L°51 90°124¢ 8261 56°99¢ LLe61 89°4LE SLe61 89°H1E 16°61 ag*49¢ 26761
09°69¢ 09°61 Z0°19¢ 6661 £€°19¢ 15°61 21+0LE 95°61 97°65€ 2L°61 Y1°85E 161
15°0L¢€ 1761 82°€9€ 6€°61 61°09¢ ge6l LL°29E 9€°61 2€*H9¢ €561 93°95¢ 16°61
CLoLyE 12°61 S0 Hhe 0zZ°61 F1A3:1%1 81°61 Z8°05¢ L1°61 78°Cec €61 E1°9%¢ 2€°061
€6°Ghe 29%61 68°44¢ 12761 90t 6He 66°81 »0° 64 85°81 6Y Lut w161 3£+82¢€ €161
02 HEE £8°81 s2e¢z¢g 18°81 £9°2€€ 08°87 zorezve gL°81 gR 667 56781 $g°6z¢ €6°81
60°9¢¢ £9°81 16°CEE 29°81 94°2€€ 0981 6€°0CE 65°81 sLval bGohEE v1°81
oL EvE yh*91 60°GHe €v°81 yL*ung 1991 YL 9hE %8l 9cral wErZEE c5eg1
y1°6€€ sz*al €0°9¢€ €281 $5°9¢¢ 2z°81 YI*6EE 02°81 1781 €z°12¢ Ge° 81
21°%2¢ 53°81 10°12¢ %091 99°€2¢ 20°81 39°€2¢ 10°81 181 9l€TE 91°81
19°€2¢ 98°L1 L1ecze sa-L1 1€°62¢ €8°L1 217928 ze L1 86°11 Ggeaz 16°11
ZE*UEE L9°L1 s2°82Z¢ §9°11 S1°62¢ 9911 2z L2E 29°11 06°LTE 6L°11 0zez1¢ 1111
Zv°91¢ 1911 85°02¢ 9v21 RESTE oLl RS *52€ EveLl ST1°01¢ 65°L1 €gvc ¢ 8 L1
TE°€1€ 82°L1 26*51¢ LzeL gy L1e §2°L1 8y*L1g w2 L1 89-°60¢ oY LT 16°90€ 6E°LT
06°81¢ 60°11 YRFALY 011 L6°02€ 9011 16°0Z€ %0°LY 9R°90¢ 12711 Lvgce 61°L1

. 05°10€ 68°91 18°60€ 98°91 L6°L0€ 98°91 €L°%0€ 58491 €9°20¢ 10°21 92862 00°L1
* o » 89°11¢ 3191 LELTE 69°91 vg°22¢ 19°91 LE*LlE 99°91 ot*11e |- z8+31 15°60¢ tRe91
* o vE°61E 15°91 9%°£2¢ 69°91 9v°£2¢ 9%°91 21°62€ 9591 w1 21 £9°91 »1°21¢ 19°91
. e 26°L0¢ 1€°91 89°21¢ 3€°91 L1e21e 82°91 CE*9TE 1291 6R*90¢ €991 1L° %3¢ Zv*91
e'e o 91 €€ Z1°91 88°07¢ 11°9t §9°21¢ 60°91 9€°C2€ 80°91 o1 11¢ 6291 €1°21¢ 2z2°91
* ¢ 298 298 298 298 298 098
seees ;| (000 00%) 1 | 000 oo¥) ._1 {03000 00%) .1 | (5000 0o¥) 7 | (3 000 00O¥) ._ 2 |05 000 00¥)
esece o=y Y 221 95 =5 wy gg1 8¢ =y Iy 21 61" =3 wy Zz1 oL =3 wy z31 9¢ =3 wy z21
s | woxy awyy, woJj W], woJy awmty WOJJ durLy, woxj Wi, oI} W]
[ XXX X ]
= 0zt = ¢
esecee /OQvN ¢ o
o o o =
L J
* A, ‘saanyexadura) Apoqrayy

PaNURUO) - ADVIIVA AULNITY T LOFMOUd NO ATHNSVIN mﬂﬁ?.—.éﬂhl.—. XQOoHYALAVY -"Al I'TEVL

18




§1°219 19°9¢ 69°696 65°9¢
L6°€29 50°9¢ 11°0L$ 13°9¢ 3S*LLS 90°9¢ 6%°636 »0°9¢ 91°219 1h°9¢ 88°GLS 6€°9€
»8°829 68° ¢ a%°1Ls 18°6¢ 11°9L% 98°g¢ 29°256 98°GE 61°419 12°9¢ 11018 61°9¢
04509 69°G€ €1°166 89°G¢ 8L°9%S 99°¢¢ 56696 114 €%°809 1¢°9¢ 21°59¢ 05°9¢
2L* 209 6%°GE 1€°695 ay°se 98°966 9%°GE 96°8L5 14413 0L°€86 18°G€ L0 99s o8°S¢
68° 609 0€°*9E L9°¢5% 8z°s¢ 58°96¢ 12°6¢ 9L*ILG G2°5¢€ 61°€65 29°<¢ Gl Lng LA
%8909 h) L1 28°0SS 80°5¢ 28° 056 LO°SE €E*HLS 60°G€E G165 t4 2L LEC6YS 21
£5°609 06° %€ 91256 88°y¢ S1°19¢ 18°9€ 334717 1: 342 22°16% 2z°n¢ 88°15¢ cz°s¢
86°L39 oL e 19° 4S5 69°4¢ 20°£9% L9°vg 9€°08% 99° %€ 8P 966 z0cse €8° 9GS 15°6¢€
167519 6 ¥vE 0L°€SS oY HE 98°956 Ly vE s12Ls 9y hE 1€ °965 28°v¢ 18°866 18°%€
69°%19 1€ w¢ 267095 62 %€ 25°09s LZ°hE 2s°1Ls 9Z*ve 16° %66 £9°%¢" RZ°SSS 19°%¢
25 %19 14 8211 £6°1%6 60 HE 81°99¢ 80° %€ €9°L18S 90°vE 8€°666 € e 29° 156 1h*9¢
v6°U19 16°€€ %S°096 68°€€ 28* 95 88 €€ tL°915 98°¢CE 11°009 €2°%¢ 19°¢9¢ 12°%¢
£€9°609 1L°¢€€ 26°096 GLeg 8L°0LS 89°¢€ L9°08% L9°EE ' 69°66¢ (%3511 68°95S 23wt
85939 16°€€ 8€°LSS J6° €€ 2%°69S v €e 81°626 LY EE 9%°26% £gLE 26096 z8° €€
20°066 1€°¢€ 11°0%S cETEE 1L°1s% 82°€E €8°€96 LZ°EE 61°066 €9°c¢ G8°956 29*€¢
€0°009 21-€€ 91°6%6 OT°€€E IL°GGS 60°€€ SL*95G LO°€E 172°2L8 22411 2z %8 43411
by 166 25°2¢ 9E°GHG 05°2¢ EIAd 14 68°2¢€ 02°29% LB°2€ z8°1L¢6 wZte G EHG 22°ce
»0°686 2L°Z€ SE°6YS 1L°2¢ I9°05S 69°2¢ 13°%3% 89°2¢E 19°S15 CEat £ R} el 14 €roEe
617686 25°2¢ €% 9ES 15°2¢ Z1°15% 6% 2¢ 15°09% 8y 2e 97°84g »8°7¢ 167E9S €g*2¢
%9666 2e°2¢€ BG*LES 1€°2¢ BS°LES 62°7¢ 85°856 8Z°2¢ 65°1LS %9°2¢ 5L°2€S €9°2¢
25°29¢ €1°2¢ Lz°9ls 11°2¢ 08°HES o1°2¢ EE°EYS 8d°2¢ 18°€LS Sy°7¢ 99° L85G €h°2t
GEE96 £6° 1€ »E°826 16°1¢ YERZS 06°1¢€ L2196 gB°1¢ 51 *60S 627 2¢ RO*66% €2°2¢
26096 €L 1€ 66616 ZL 1€ 94°62¢ oLetE 98°0%5 [\Tad 114 a4 <8°6ls yoe2€
€8°€96 (33841 y8°81g 25°1¢ L0°2¢s 0s°te 12°6%5 86956 S8 1f 12°12¢ vg°1E
SE° 195 €€ 1€ Zv*6ls 2ec1¢ »0°0€S (28 ¢1 LL*2YS 9€ " 995 59°1¢ 59%€26 b9 1¢
2€°09¢g (28814 31°91¢ 21°1¢ 89*125 11°1¢ 91°LES F Al 12 9y 1e Ge°6lc Y 1€
18°255S 96" 1€°21s 26°0¢ 26°€2$ 16°6G€ 22°5ES ¢T1°9€s 9Z°1¢€ 89°L1% 67° 1€
56°9%6 91°60% ZL°0¢ v9°615 1L°0¢€ y1°52¢ 9€°62% 92 1€ gL 11% CIoha {3
66°L4S 69°0ls £5°0¢ %9°02% 16°0¢ Lot LEs 61215 98°0¢ 658°684 63°0¢
08°1€g yEenE 55°50§ €€°0¢ S6°€lS 1£°0¢€ 81°62% 12°2€5 a9 T¢ 21 Tts €9°CE
6% %5 S1*0E 8E°61G E€1°0¢ 30°228 21°0E 21°9¢6 [128431 LY*0€ €6°616 1243
8%°8%5 66°62 84°61g £6°62 36°L1S 26°62 9L°Z2ES 12°82¢ 12°°¢ RUA: DX 62 0E
%0°0€S SL°62 61°86% €L°62 62°66% 21762 66116 ST*0€S La0e zLe°s [T
S6°EES $5°62 12°L6% 55°62 12°L6% 25°62 861G ¢L"LCS La°62 L1168y 98°62
€0°61S s€°62 RY*L16% e 62 L9°008 2e°62 96°5Tg 8€°91s 19°62 SL*16% 39°62
26°02% 91" 62 28°26% "1°62 L1654 2162 96°215 96 € 18 8%°62 g86°88Y 9v*62
1L°21% 9682 89°06% 95°82 88°46Y €6°82 29°91s 1£°01s 8Z°62 38°26% 9z2*62
€€°L0G 9L°82 L5°98Y ¥L82 96°26% €1°82 10°223¢s 16605 8362 GZ 26y 9:°62
1L°c1s 96°82 08°28% 56°82 38 L8y £€5°82 €5°15% SE N6y 88° 82 2z 89y 1882
257906 9¢°82 Z2€°98Y S€°8¢ 96°08% €€°82 6893y €L°%6Y 89° 82 hEALF X 19°82
1€°v08 L1982 66°9LY s1°92 1€°28% €1°82 Lh°g3y 91°c6y |9°92 657189 1482
10°€6y 16°1T L6*CLY $6°1L2 £ETB9Y ¥6°202 6UELY 9% °964 62°92 £6°L9Y 1282
08°9CS LL-12 LS 9Ly sLeie €9°LLh wLeLe sLT6LY 8L°98% 6G*82 60°%9% L1082
€5°18% L5112 28°65Y 95°12 »8°65Y w512 BL*99% £6°28% 68°L2 €E 2Ly 88°L2
2 06% Le~L2 81°%9% 9€°LZ 81994 e L2 29°aLy vE°€8Y 69°L2 11°L5% 89°12
S0 €8Y L1112 €EH9Y 91°12 5C*29% w112 SL°OLY 022ty 6%°12 885y 8512
9G°26% 9,492 SH E9Y »1°92 LL"89% €L°92 Z9°hLY 29°1Ly wgeLe 92°€9% 82°L2
9SG E6Y 9592 »1°0LY $5°92 39°55% €592 1€°69% 06°0L% o1°s2 €1°86% g0°L2
8%°98% LE*9Z 85°€9Y GE°92 [XAL:114 »€°92 65°TLY 1799y 89°92 BIoCLY 19°92
Ly*6ly 81°92 6L°9GY 91°92 6L°9%Y 5192 SL°69Y 26°GLY 6%°Q2 HZ2°8GY L1%°92
12°89% 86°62 €g° 8oy L6562 1215y 66°62 06°95h 6% °65% cg*9z £6°94%y 82°9¢

098 298 238 298
(33 000 00%) (3 000 00%) 7 | (3 000 00¥) (37 000 00%)
R 1 N | 8e" = = .1 .. 1 .ul~
oL =3 wy Z21 9% =3 wy 221 ¥ oy 221 [ S o =3 wy ZZ1 9¢" =3
woly awmy], woJJ Wi, woxy swl], woij awWLL
O =9® oRI=¢
A, ‘garnyexaduwra) Lpoqrsyy

penupuo) ~ AOVIOVA AMINIFY FJUI LOFOUd NO ATUNSVIN STUALVIIANIL AqOEYALAV ~"Al c@t:AAR

19



55819 19°¢h L2 Ces 09°€y §1°98¢ 8S €Y 19°239 LGEY
00°2€9 29y €L°€RS ohegy 84° €65 6EEY HZ2°ED9 LEEY
21°9¢9 22°¢Y 16°8%9 02°ey 56°58S 61°EY ZLeLss L1°EY 86°16S ¥8°656 2L ey
69829 23°ey 86°18% 12°¢% 5€°Hgg 66°2% 08°039 L6°2% 8L°€29 86°0AG 25°€y
6L°LED 28°Z% 26°165 18°2% Z2€°886 6L°2% €373 BL°2Y $6°829 19° %8¢ £ETEY
93 6€9 29°2% 82°066 19°2% 9e° €66 662y €0°039 852y 26°629 £8°¢8S [ARXT]
1€°909 €42y 11°866 19°2% 2065 ov-2e €E°LI9 gE2Y 86°0€9 91°€8g €6°2%
1859 €2°2% 16* %65 12°2% 16°%6% 0zZ* 2% L2°119 a12zvy §L°029 J2°L9% €L°2%
6L eH9 €024 S8°L6S 1224 LL*€E6S 0329 ©0°839 86°1% 8y €€9 62°58¢ £5°2%
28°259 €8° 1% Zot 1499 ZR* 1% 26°009 08° 1% L9°319 6L*1Yy 08°%€9 GL*186G €€°2%
L9129 €9°1% 1L9°89¢ 291y 59°6Lg 09°1% €8°%86 651y €€ 9E9 1L°G6S 9129
05629 (228 8 68°6LS Zv 1Y §8°1L$ 19°1% $3°83¢ 6ETY ¢6°929 €6°456 9614
SL"GE9 LTAA 107396 221y 9y 8LS 121y 2656 51°1Yy ST 119 117199 91Ty
0€° %29 »0° 1% 59°¢RS 231y 11°6L6 10°1% 16°256 65°0% S6°%19 BL*OLS St 1y
16099 8° 7y £5°58¢ €3°0% 10°68¢ 18°0% 36°85¢6 08°0Y% 91°€29 19°28g YESTH
Y0°GS€9 LA SY%*08S €9°0% 9€°8LS 192y 85°%39 09°0% £¥°L29 26°18s ST 1y
10°L19 (121 1£°69¢ [N 90°29¢ 29°3h 2heLys L) 1L°1€9 b AF4:11 [
86°829 §2* 2 L0°89S €2°0% 66°99¢ 220y €£2°68¢ J2°0% 67°929 b8°LLS CLTY
28°829 §3°3% LXAL 711 €3°0% 9ZyLs 20°0Y [T 11 33°0% »1°019 68°666 €5 0%
y1°1€9 S8°6€ 96°08¢ #8°6€ 2€°1Ls 28°5¢€ [134:F 11 18°5¢€ 10°€19 8L°0LS SE"3y
L9°%€9 €9 6f L9°G8S 9¥9°6€ L6°896 Z29°6¢ 8129 19°6¢ 9°%29 BL*9LlS 91° )y
0%° 699 9hes5¢ 91°68S Yy 6€ €1°885 Zv b€ 8L €29 1r*6€ €1°619 ¥1°916 96°6¢€
LE*OH9 92°5¢€ 60°98¢ »2°6€ 76°18% £2°6€ 21229 12°5¢ £6°129 68995 9L°6¢
99°8£9 33°6¢ €£2°985 »2°6€ d2-26% €0°6€ 8v°239 12°5¢€ Le Ce9 91°685 96°6¢
127249 98°9¢€ 61°109 [1:28:1% »8°286 €8°8¢€ 8E*829 28°8€ *2e9 22°498S 9E°6¢
16°0%9 99°a¢ 56°209 59°8¢ 89°68¢ £9°RE 99°629 29°8¢€ 22°629 1%°295 L176¢
10°€%9 94 8E 69 *68S [124T4 5%°68¢ [1 2813 $€°239 Z%*BE cee9 91295 L6°8¢
21459 L2°8¢ 89°SRS §2°8¢€ ¥y €86 2Z*8¢ 62°129 2z°8¢€ §).°629 96°6LS LL°8¢E
9v°5€9 L19°9¢ 62Z° %8S §J3°8¢ 52°48¢ LLRE:TS 22°€29 20°8€ €7°€€9 19°99s LG"8¢E
68°LY9 18°L€ 06 €49 98~ LE 50°26% ¥8°Le. 82°089 28°LE 26°2€9 56°68¢ LE"8E
62°6%9 19°L1¢ 48°8L¢ 99° L€ 59°18¢ ¥9°1¢ 65%95¢ €9°LE LETTED 28°68S 81°8¢
20°8¢9 Ly LE 1$°18¢ 9v*LE 17685 Yy LE ‘B9°L56 EhLE o129 6E°E€AS 85°L¢
R2°LE9 82°Le L5185 92°L€ 227585 §2°LE SL°239 €2°LE LL°9¢29 19°z8S RLoLE
e 66°6€9 80°L€ 90°Z8g 93°L¢E L2°68% S0LE 86°L5$ E0°LE 92°829 99°4Ls 8G°LE
o e o $6°629 88°9¢€ 21°0Ls LB*9¢€ 92°2Ls G8°9€ 11°98¢ £8°9¢ 6§6°629 L15°18¢ AfTLE
s @ 18°929 89°9¢ [1:38 11 19°9¢ IveeLs 59°9¢ $8°88¢ v9°3¢ 69°629 65°28¢ 61°L¢
.« s sL°L29 8%°9¢ 20°L9§ Ly°9¢ 28°1Ls SHy*9¢ 1L°13s 9h°9¢ €6°8C9 Th°65s €6°9¢
« o o 99°829 $2°9¢ 90°0LS LZ°9¢ 34028 92°9¢ £6°585 »Z°9€ 18219 2%°69s 6L°9¢€
s J08 298 d98 298 oo
._1 | 63000 00%) .1 | 03000 00%) _1 | 000 0o%) 7 | (000 00%) 1 1 | 03 000 00¥)
o =5 w 221 95 =3 wy 2] 8¢ =3 wy 221 o1 =3 wy 221 o =g 95 =3 | uezt
wox} awmly, WOJIJ WL, WoxJ WL WOX} JWILL wWox} WLy
g = ¢ o0zt =¢
smees o ()
¢ @ O
° * A, ‘soameradmay Apoqreyy
[ X X N J i
L]
L X X J

20

PIpAIUC) - FDVIOVA AULINIFY HHld LOFMOUd NO QIENSVIAN STRINLVIAIWAL XAAOEUILIV -"Al IT1AVL




Aerodynamic shroud
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Figure 1.- Schematic drawing of Project Fire space vehicle.
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Figure 4.- Schematic drawing of gold calorimeter and insulating housing.
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Time from altitude of 122 km (~400 000 ft), sec

Figure 7.- Project Fire afterbody pressure measurements.
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